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ROTATABLE CUTTING 7^ JL 
Background of thr> InYftnti^n 

I. Field of the Invention 

This invention relates to rotatable cutting tools, particularly tools having 
replaceable cutting blades or inserts releasably retained by clamping means in the 
5 tool body. 

II. Description of Related Art 

It is known to provide rotatable tools comprising a tool body and one or more 
1 0 replaceable blades or inserts for machining operations. An insert for these tools 
comprises a cutting element made of a relatively long wearing material chosen for 
compatibility with the material to be cut and comprising one or more cutting edges. 
An insert may further comprise a holder for mounting the cutting element to the tool 
body. A tool body for such tools comprises at least one recess for receiving a 
replaceable insert and the tool further comprises means for releasably retaining the 
inserts on the tool body. Tools of this type include drilling tools, boring tools, reaming 
tools and milling tools. 

A particular type of rotatable tool is a tool for machining valve seats in 
cylinder heads of internal combustion engines, the tool having cutting inserts arrayed 
on the periphery of the tool and having a reaming tool for machining the valve stem 
guide bore. As the number of valves per cylinder have increased and overall engine 
dimensions have decreased, valve diameters have decreased. Consequently tools 
for performing valve seat machining operations are required to retain cutting blades 
or inserts in tool bodies having reduced diameters. Known tools for such 
25 applications, such as disclosed in US Patent No. 5,704,741 . have included 

exchangeable cartridges for retaining replaceable cutting inserts. With the demand 
for smaller diameter valves, smaller diameter tools are required, reducing the tool 
body volume that can be consumed with blade retaining devices. 

Figs. 1a and 1b illustrate one known tool wherein the replaceable blades are 
retained in recesses in the tool body by clamping screws. In Fig. 1a. replaceable 
blades 1 12 and 1 14 are retained in recesses of tool body 1 10. As shown with 
respect to replaceable blade 112. clamping screws 116 are transverse to recess 118 
(fig.lb) and are threadably engaged with tool body 110. With replaceable blade 112 



20 



30 



1 



in place in re^ js 118, advance of clamping screws 1 ■ ~ into tool body 110 clamps 
blade 1 12 (shown dashed in Fig. 1b) against a side wall of recess 1 18. As shown in 
Fig. 1a, plural screws are used and are spaced apart to distribute the clamping 
forces over the length of the blade to improve resistance of the blade to 
displacement from cutting forces and from distortion from clamping forces. 

Figs. 1c and 1d illustrate an alternative known clamping arrangement for 
retaining replaceable tools in a tool body. In Fig. 1c, replaceable blades 122 and 124 
are retained in recesses of tool body 120. As shown with respect to replaceable 
blade 122, wedges 128 are held in recesses 130 adjacent blade receiving recess 
132 (fig.ld) by screws 126. Screws 126 are threadably engaged with tool body 120. 
With replaceable blade 122 in place in recess 132, advance of screws 126 into tool 
body 120 advances the forward edges of wedges 128 to clamp blade 122 (shown 
dashed in Fig.ld) against a sidewall of recess 132. Each of wedges 128 serves to 
distribute the forces from each of screws 126 over larger portions of blade 122 than 
would be done by the screws alone as in the arrangement of Fig. 1a. However, 
while larger wedges would provide improved distribution of forces, large wedge 
receiving recesses, such as recesses 130 are not desirable because of the attendant 
weakening of the tool body. ^ 

In light of the shortcomings of the known clamping means as illustrated in 
Figs. 1a and 1c, there remains a need for improved clamping means for replaceable 
blades in rotating tools. 

Summary of the Invention 

It is an object of the present invention to provide a rotatable cutting tool body 
for releasable retention of at least one replaceable cutting blade wherein the tool 
body includes an elastically deformable clamp for each such blade, the clamp 
operable to apply a clamping force to a blade to releasably retain the blade in the 
tool body. 

It is a further object of the present invention to provide a rotatable cutting tool 
body for releasable retention of at least one replaceable cutting blade wherein the 
tool body includes an elastically deformable clamp for each such blade, the clamp 
being operable to apply a clamping force to releasably retain a blade and comprising 
a leaf integral with the body and a clamping means for deforming the leaf. 



It is a still further object of the present invention to provide a rotatable cutting 
tool having at least one replaceable cutting blade releasably retained thereon 
wherein the tool body includes an elastically deformable clamp for each such blade, 
the clamp being operable to apply a clamping force to releasably retain a blade. 

It is a still further object of the present invention to provide a rotatable cutting 
tool having at least one replaceable cutting blade releasably retained thereon 
wherein the tool body includes an elastically deformable clamp for each such blade, 
the clamp being operable to apply a clamping force to releasably retain a blade and 
comprising a leaf integral with the body and a clamping means for deforming the 
leaf. 

Further objects and advantages of the invention shall be made apparent from 
the accompanying drawings and the following description thereof. 

In accordance with the aforesaid objects the present invention provides a 
rotatable cutting tool comprising a cutting tool body having at least one recess for 
receiving a replaceable insert. The recess has a wall defined by a deformable leaf 
isolated from the tool body except at the base of the leaf by an isolating channel in 
the tool body. The tool further comprising adjustable clamping means for elastically 
deforming the leaf to releasably retain a replaceable insert in the recess. 

Brief Description of the Drawings 

Figs. 1a-1d depict known rotatable cutting tool with replaceable blades 
Fig. 2 is an isometric view of a first rotatable cutting tool in accordance with 
the invention. 

Figs. 3a and 3b are enlarged sectional views taken along the lines A-A and 
B-B of Fig. 2. 

Fig. 4 is an isometric view of a segment of a second rotatable cutting tool in 
accordance with the invention. 

Figs. 5a and 5b are enlarged sectional views taken along the lines A-A and 
B-B of Fig. 4. 

Detailed Description of the Preferred Embodiment 

Cutting tools according to the invention shall be described with reference to 
the figures, illustrating particular types of tools. While the invention is advantageous 
as applied to such tools, it is suitable for application to other rotatable cutting tools 



releasably retaining replaceable cutting blades or inserts. As used herein, the term 
replaceable inserts shall include blades, inserts, and insert cartridges for carrying 
inserts. 

Fig. 2 depicts a cutting tool for machining valve seats of cylinder heads of 
internal combustion engines. Cutting tool 10 has a tool body 12 comprising a shank 
portion 20 (shown only partially) and a cutting portion 22. Typical of such tools, 
cutting portion 22 is fitted with three blades such as blades 14 and 16 having cutting 
edges 30 and 32 for machining, at least, portions of valve seat surfaces. In addition, 
a reamer 24 (shown only partially in Fig.2) is supported by nose portion 18 to provide 
cutting edges for machining a valve stem guide bore. Shank portion 20 includes 
elements for mounting tool body 12 to a tool driving device such as a machine 
spindle, or for mounting tool body 12 to a tool coupling device for mounting to a tool 
driving device, as is well known. Cutting portion 22 comprises recesses (recess 44 in 
Figs.3a,3b) in which are received replaceable inserts or blades such as blades 14 
and 16. Blades 14 and 16 abut depth adjusting stops 50 and 52, each stop being 
adjustable to set the stand-off distance of an abutting surface of a blade from a 
reference plane (not shown) on tool body 12. The abutting surface of a blade may be 
flat and be formed in a portion of the end of, or a shoulder on, the blade. Suitable 
stops, such as stops 50 and 52, are well known, such as, for example, flat headed 
screws engaging threaded holes in tool body 12, and studs mounted to tool body 12 
with head members, wherein the stud and/or the head member are adjustable to 
position the blade abutting surface relative to tool body 12. 

Referring to Figs. 2, 3a and 3b, an elastically deformable leaf 40 is created 
within tool body 12 by groove 42 and recess 44. Groove 42 defines a gap between 
leaf 40 and the bulk of tool body 12 so that together with recess 44, leaf 40 extends 
radially from tool body 12 and is isolated therefrom except at its base. Threaded hole 
46 (Fig. 3b) is formed in tool body 12 near the longitudinal center of leaf 40 and 
straddling groove 42. Threaded hole 46 receives clamping screw 48 (Fig. 2), a taper 
headed screw (taper shown dashed in Fig. 3b). Chamfers 58 and 60 at the entry of 
hole 46 are formed in leaf 40 and tool body 12, respectively. To provide a "self 
locking" capability, the angle of chamfers 58 and 60 is made slightly steeper than the 
taper of the head of screw 48. The diameter in the chamfered portion of hole 46 
below the entry is less than the diameter of the head of screw 48. As the head of 



screw 48 is advanced down chamfers 58 and 60, leaf 40 is elastically deformed, that 
is, bent, toward recess 44. To insure bending is allowed near the top of leaf 40, wall 
43 is inclined at a shallow clearance angle 54 ensuring the gap between leaf 40 and 
a blade is wider at the base of leaf 40 than near its top. With a blade in place in 
recess 44, advance of screw 48 into tool body 12 bends leaf 40 against the blade, 
narrowing the width of recess 44 and eliminating the gap between leaf 40 and the 
blade at least at the top of leaf 40. Once contact is made between leaf 40 and the 
blade, the blade is seated against the sidewall of recess 44 and further advance of 
screw 48 builds compressive force through leaf 40 against the blade. 

Continuing with reference to Figs. 2, 3a and 3b, threaded bore 46 and groove 
42 are inclined at a shallow angle 56 toward the base of leaf 40. This inclination 
narrows the cross section of tool body 12 at the base of leaf 40 reducing resistance 
to bending of leaf 40 about its base. 

Fig. 4 depicts a segment of a milling cutter, such as a face milling cutter, 
wherein replaceable blades or inserts are retained on the periphery of a tool body so 
as to expose at least one cutting edge on each such blade or insert. It is to be 
understood that the segment of Fig.4 comprises a cutting portion 80'bf a complete 
cutting tool. Cutting portion 80 comprises insert retention disk 62 and base 82, which 
is mounted to or comprises a shank portion of the tool for mounting to a tool driving 
device. Retention disk 62 includes recesses on the periphery, such as recesses 64- 
68 for receiving replaceable blades or inserts, such as inserts 100-104 or blade or 
insert cartridges, that is members providing seating surfaces for and to which are 
mounted replaceable blades or inserts. Each recess is bounded on one side by a 
deformable leaf, such as leaves 72-76 and intersects the front and back of retention 
disk 62. Each deformable leaf extends radially from retention disk 62 adjacent an 
insert receiving recess and is otherwise isolated from retention disk 62 so as to be 
free to bend into its adjacent insert receiving recess. Base 82 closes the rear end of 
recesses 64-68, and advantageously, provides adjusting means (not shown) for 
each insert at the closed end of each of recesses 64-68 to set the stand-off distance 
of an abutting surface of each insert from base 82. 

Referring to Figs. 5a and 5b, each leaf, as illustrated by leaf 74, is defined by 
a slot through retention disk 62, such as slot 86, and an insert receiving recess, such 
as recess 66. Slot 84 and recess 64 define leaf 72; and, slot 88 and recess 68 define 



leaf 76. At least one threaded hole is formed in retention disk 62 to straddle each 
slot, the upper portion of each hole receiving the head end of a clamping screw 
threadably engaged in the hole. As shown in Fig. 4, two screws are associated with 
each slot, such as screws 90 in slot 86. Threaded hole 78 (Fig.5b) receives a 
clamping screw, such as clamping screw 90 (Fig. 4), which has a tapered head 
(shown dashed in Fig.Sb). Chamfers 92 and 94 at the entry of hole 78 are formed in 
leaf 74 and retention disk 62 respectively. To provide a "self locking" capability, the 
angle of chamfers 92 and 94 are made slightly steeper than the taper of the head of 
screw 90. The diameter in the chamfered portion of hole 78 below the entry is less 
than the diameter of the head of screw 90. As the head of screw 90 is advanced 
down chamfers 92 and 94, leaf 74 is elastically deformed, that is, bent, toward 
recess 66. To insure bending is allowed near the top of leaf 74, wall 75 is inclined at 
a shallow clearance angle 110 ensuring that the gap between leaf 74 and a blade or 
insert is wider at the base of leaf 74 than near its top. With blade 102 (shown dashed 
in Figs. 5a and 5b) in place in recess 66, advance of screws 90 into retention disk 62 
bends leaf 74 against blade 102, narrowing the width of recess 66 and eliminating 
the gap between leaf 74 and the blade at least at the top of leaf 74. Once contact is 
made between leaf 74 and the blade is seated against the sidewall of recess 66, 
further advance of screws 90 builds compressive force through leaf 74 against blade 
102. 

Considering the tools of Figs. 2 and 4, common features of the invention 
include: a tool body having at least one recess for receiving a replaceable insert; at 
least one deformable leaf defining a wall of such recess, such as leaf 40 and leaf 74; 
isolating channels that serve to isolate a deformable leaf from the tool body except at 
the base of the leaf, such as groove 42 and slot 86; adjustable clamping means, 
such as tapered screw 46 acting on chamfers 58 and 60 and tapered screws 90 
acting on chamfers 92 and 94. While the adjustable clamping means advantageously 
include a combination of the taper of the clamp screw head and chamfers in the tool 
body and leaf, other arrangement may be used. For example, a taper-headed screw 
may be used with a single chamfer on the leaf. Alternatively, a cylindrically headed 
adjusting screw may be combined with a separate wedge member wherein the 
adjusting screw sets the depth of the wedge member between the tool body and a 
leaf. 
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While the invention has been disclosed with reference to particular cutting 
tools as illustrated in the accompanying drawings, it is not the intention of applicant 
to limit the invention to the particulars of such tools. Rather, it is the intention of the 
5 applicant that the invention be defined by the appended claims and all equivalents 
thereof. 
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